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Abstract  
Due to the limited transmission range of wireless Ad hoc network nodes, multiple hops are usually needed for a node 
to exchange information with any other node in the network.Thus routing is a crucial issue to the design of a 
MANET.In this paper, a Source Routing based Multi-Path OLSR (SR-MPOLSR) protocol is proposed. In this 
protocol, MPRs (Multi-Point Relays) are used to obtain the network topology effectively and multiple Dijkstra 
algorithms are used to calculate multiple routes and to allocate the loads in a weighted round-robin fashion. Data 
transmission at the source is carried out through predetermined multiple paths (hence source routing). Our 
experiments have shown that SR-MPOLSR can  increase the utility of network resources and network throughput, 
improve robustness and reliability of the transmission service, and reduce the average transmission delay. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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OLSR(Optimized Link State Routing Protocol) has become one of few RFC standard of IETF 
portable Ad hoc routing protocol. OLSR is table-driven, which exchange topology updating and linking 
state information of the network periodically, trying to provide every node with the latest topology graph 
of the network. As soon as businesses arrive, Dijkstra algorithm is performed to obtain the routing to the 
destination according to nodes’ topology graph. 
OLSR has good prospects for application in military fields, due to its ability for getting link state 
information when routing. Real-time link state can be found out when communication links are destroyed 
by opponents. So that routing can be performed targeted. Therefore, OLSR protocol is well studied by 
military recently. 
However, traditional OLSR can search only one path to the destination while there are more, which 
is similar to most portable ad hoc routing protocol. Therefore part of the network resource is wasted. 
Multi-path routing refers to a routing strategy that finds more than one path to the destination 
according to certain constraints. These paths share the network load, aiming at routing efficiency. 
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Advantages of multi-path include effectively using bandwidth, reducing congestion, being more robust 
and balancing load. Research on multi-path currently focuses on routing-according-to-need, such as DSR 
(Dynamic Source Routing) [2] and AODV (Ad-hoc On Demand Distance Vector) [3]. Multi-path strategy 
is first proposed in DSR protocol [2], and is developed for expanding [4]. As for AODV, AODV-BR 
(AODV backup routing) [5] and AOMDV (ad-hoc on demand multipath distance vector routing) [6] are 
developed. MSR (multipath source routing) and APR (alternate path routing) investigate load balance and 
performance of peer to peer detention. However, traditional algorithms mostly focus on implementation 
in routing-according-to-need. Moreover, these algorithms get inadequate network state information from 
source node, and paths are employed ineffectively. 
This paper proposes a multi-path OLSR routing protocol called SR-MPOLSR (Source Routing- 
Multipath OLSR), which is based on source routing and incorporates multi-path mechanism into OLSR 
table-driven routing protocol. 
1.Multi-path OLSR Routing Protocol SR- MPOLSR 
SR-MPOLSR adds multi-path mechanism into traditional OLSR. It employs Dijkstra algorithm to 
seek more than one path to the destination when routing for businesses. At the same time, block 
information is sent by these paths. A source routing mechanism similar to DSR is applied to avoid 
intersection of multiple paths when messages are distributed through multi-path. The specifications of 
MPOLSR routing protocol will be introduced in this section. 
1.1.Obtaining of the whole network topology 
According to the characteristic of SR-MPOLSR table-driven routing protocol, latest network 
topology is obtained through controlling information messages, thus the latest routing table is 
implemented at every node. 
y First, every node in the network sends controlling messages periodically, updating and 
establishing network topology through distributed computing.
OLSR is implemented by two types of controlling messages, HELLO and TC (Topology Control), 
simultaneously, which is different to routing protocols that only use one type of HELLO message. 
HELLO is mainly used to build a node-neighborhood table, which consists of address of neighbor node 
and the detention or spending from current node to its neighbors. OLSR monitors the state of the neighbor 
node, the symmetry of wireless link and especially the controlling information for neighbors and the MPR 
for computing the current node by broadcasting HELLO message periodically. HELLO broadcasts in only 
one jump. Neighbors of current node will abandon the information after processing, without forwarding. 
TC messages will be forwarded to the whole network. TC blocks include the neighborhood information 
of MPR selected by current node. Node works out the network topology according to received TC block 
information. 
y MPR multi-point relay 
MPR multi-point relay is the key of OLSR optimization. The MPR algorithm will select some nodes 
from the neighborhood of the first jump of the current node. These nodes are marked as MPR of the 
current node, and obviously, this node set is a subset of node of the first jump. Only the information of 
these MPR nodes can be included TC controlling information block, thus the scale of link state updating 
message block is critically reduced. Moreover, TC controlling message block will be transmitted only by 
these MPR nodes, instead of non-MPR nodes. Thus, the re-transmission of link state updating message 
will be restricted in part of the neighborhood of the current node, reducing routing costs. 
MPR node selecting algorithm is described as follows: 
Every node can determine its neighbors of the first two jumps, and node set of the first two jumps 
can be formed. Every node in the network will select MPR from its first jump neighbors independently. 
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The hypothesis is that the MPR subset can cover all the neighbors of the first two jumps, as is shown in 
Fig. 1. 

Figure 1:  MPR algorithm in OLSR 
MPR nodes will select in the node set of first jump, referring the second jump nodes. 
Step 1. If the second jump node is single connection, i.e. the second jump node is connected with 
only one first jump node, all the first jump nodes are selected as MPR. 
Step 2. If the second jump node is connected with more than one first jump node, the one with the 
highest connection degree is selected as MPR, considering the neighbors. 
Through above steps, a MPR subset containing fewer nodes than the whole network is formed. 
Selecting of MPR nodes will inevitably bring in additional computing cost. What is worse is that 
computing smallest MPR subset is NP-complete. MPR exchanges network transmission cost with 
computing cost to a certain degree. This strategy is worthy because computing ability is increasing fast 
while bandwidth of network is still scarce. One problem with MPR scheme is that there will be excessive 
transmission load sum up to MPR nodes. However, it is within the range of resilience owing to the fact 
that only controlling message are transmitted. 
1.2.Source-routing-based multi-path strategy 
y Multi-path strategy 
Let G=(V,E) denote Ad hoc network, V the set of all nodes, E the set of links. Assume all links in the 
network are duplex, i.e. (a,b) belongs to E, thus (b,a) belongs to E. As a sequence, in dealing with any two 
nodes, say source node S and destination node D, a path set can be obtained. 
Generally speaking, multi-path includes independent, convolved and mixed. Independent multi-path 
can be classified into two categories: node independent and link independent. 
Node-independent multi-path abbeys the non-intersection criterion, which requires that there are no 
shared nodes between source node and destination node. Link-independent multi-path requires that there 
can exist shared intersection nodes, but cannot be shared among links. multi-path refers to the criterion 
that different paths can share one or more links. Mixed multi-path is the mixture of the two types of 
multi-path. Among them, node-independent multi-path possesses the most independence, because every 
node in node-independent multi-path is independent, in addition to links. 
Generally speaking, the ability that multi-path employs network resources is proportional to the 
degree of path independence. Meanwhile, bandwidth and throughput of the network can be enlarged, and 
package loss rate can be lowered due to the reduction of congestion. Besides, the probability of paths 
interaction can be lessened because shared physical resources are rare in such networks. 
Algorithm proposed in this paper is described as follows, which is based on node-independent 
multi-path strategy. 
First, seek a shortest path using Dijkstra algorithm, and make a copy of this topology. Second, delete 
all internal nodes off the topology. Third, seek a second shortest path using Dijkstra algorithm, and so on. 
This strategy is named multi-Dijkstra algorithm. The higher the node density, the more paths can be 
chosen from. It should be emphasized that non-MPR nodes are restricted to distribute controlling message 
blocks by MPOLSR routing protocol, but they are still allowed to distribute datagram as routing nodes. In 
Dijkstra algorithm, MPR nodes and non-MPR nodes share the same position of routing nodes. 
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A brief analysis of node-independent multi-path algorithm referring Fig. 2 is as follows. 
Fig2 node-independent MultiPath arithmetic 
A, B, C, D, E, F, G, H, I, J, K stand for network nodes. First, two shortest paths are obtained, namely 
S-E-K-D and S-F-K-D, using Dijkstra algorithm, taking S as the source node. Consider the path S-E-K-D, 
apply Dijkstra algorithm once again, excluding internal nodes E and K, eight shortest paths can be 
obtained, namely S-A-G-I-D, S-A-G-J-D, S-B-G-I-D, S-B-G-J-D, S-B-H-J-D, S-B-H-K-D, S-C-H-J-D 
and S-C-H-K-D. Consider the path S-A-G-I-D, apply Dijkstra algorithm, excluding internal nodes A, G 
and I, four shortest paths are obtained, namely S-B-H-J-D, S-B-H-K-D, S-C-H-J-D and S-C-H-K-D. 
Consider the path S-B-H-J-D, apply Dijkstra algorithm, excluding nodes B, H and J. Till this step, there is 
not any extra path to choose. Thus, there are at most three multi-paths from source node S to destination 
node D in this network. 
Datagram begins to transmit after multi-path is chosen, which requires load allocation. Algorithms 
for dispatching include: weighted round-robin, deficit round-robin, virtual clock, rate-controlled 
scheduling and so on. Weighted round-robin algorithm is employed in our work. Because there are only 
two multi-paths are used for transmission, load distribution in the shortest path chosen in the first Dijkstra 
run shares 2/3 of total, while the shortest path chosen in the second Dijkstra run shares 1/3. Because the 
amount of jumps in the second path must be larger or equal to the first one, the first path shares more load 
in the same circumstance. 
The frequency the two paths interchange is an important factor that will affect transmission 
efficiency. With the arising of the path switching frequency, the throughput, average delay and package 
loss rate will improve greatly. For the network layer, the optimal strategy is to distribute message taking 
datagram as the minimum unit through the two paths in turn. However, for the higher layer protocol, such 
as the TCP protocol, it will be decided as congestion due to too much disordered datagram. Moreover, it 
will bring in excessive sorting delay. 
y Source routing scheme 
Datagram transmission will be implemented after the two paths are selected and transmitting weight 
and switch frequency are decided. In the first path, datagram is transmitted along the shorted path 
calculated by Dijkstra algorithm, sharing the same mode as OLSR protocol. However, if the OLSR 
protocol is applied in the second path, it is most probably that real independent multi-path can hardly be 
implemented. 
Take Fig. 2 as an example, assume datagram is transmitted along the first shortest path S-E-K-D 
obeying OLSR protocol. The essence of this process is router-intelligent-path-selecting mode. In that 
mode, internal nodes decide transmitting paths by themselves, knowing nothing about path information. 
As a sequence, the next jump of datagram transmission must be the internal nodes of the shortest paths 
connecting source node and reachable destination nodes. 
If datagram transmitting along the second path also obeys OLSR protocol, it must choose path 
S-E-K-D or S-F-K-D, which will cause two consequences. First, the two paths share one link, which is 
essentially single-path. Second, the two paths share node K, which can cause local congress of K, and this 
is not real independent multi-path. Anyway, independent multi-path can hardly be implemented under 
traditional OLSR protocol. 
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The above problem is solved through source routing scheme in this paper. Source routing scheme 
refers to deciding the whole path through source node. In such scheme, all internal nodes only server as 
store-and-forward devices, forwarding datagram to the definite next jump node unconsciously. Datagram 
header of MPOLSR includes all nodes of the path in sequence, which means every data block brings 
complete path information from source node to destination node. Besides, all internal nodes are also 
included in MPOLSR header, which is similar to a sequence of ordered IP address. Because paths are 
specified explicitly in data block, internal nodes need not maintain routing information, neither routing 
nodes need calculate the path to the next jump. 
In the proposed SR-MPOLSR protocol, the first path still employs OLSR forwarding scheme, 
maintaining the original routing cost. Transmitting of the second path employs source routing scheme, 
which reforms every block’s header, adding a field identifying all the nodes path information from source 
node to destination node. The nodes path information will be calculated in the second Dijkstra run, and it 
is extracted by all the internal nodes. However, this scheme will introduce certain computation cost.
2.Simulation Experiments Results 
Experiments are implemented in OPENNET. For the experiments, 40 nodes move in the area of 
1000*500m randomly according to random direction moving model, with residence time of 0s. Sending 
and receiving range of nodes is 250m. IEEE802.11 standard is employed as physical layer and MAC layer 
protocol[10], with channel rate of 1Mbps. The mobility of the network is measured by pause time. Speed 
of nodes is 0 to 10m/s, and simulation time is 600s. The simulation is carried out 3 times, and we take the 
average as the final result. The criterion for evaluating the results is: 
y sending success ratio = number of data blocks received by destination node / number of data 
blocks sent by source node 
y average delay is the time span of transmission of all arrived nodes.  
Figure 3 Comparing SR-MPOLSR with OLSR with packet delivery ratio 
Fig. 3 is the simulation result of sending success ratio of single-path and multi-path node with the 
same moving speed and sending frequency. It can be seen that multi-path possess a higher sending 
success ratio, i.e. a better throughput under the same circumstance. 

Figure 4 Comparing SR-MPOLSR with OLSR with Average Delay 
Fig. 4 demonstrates the simulation result of average delay of single-path and multi-path node with 
the same moving speed and sending frequency. Fig. 4 declares that multi-path has a lower average delay. 
It can be concluded from the above two simulations that SR-MPOLSR provides a better communication 
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quality than traditional OLSR routing protocol under the same moving speed and sending frequency. 
Figure 5 Analytical study of packet delivery ratio in SR-MPOLSR and OLSR with various Number of data_send 
Fig. 5 shows the simulation result of sending success ratio of single-path and multi-path node with 
the same moving speed but different sending frequency. Multi-path has a higher sending success ratio 
under the same circumstance. 
Figure 6 Analytical study of average end to end delay in SR-MPOLSR and OLSR with various Number of data_send 
Fig. 6 is the simulation result of average delay of single-path and multi-path node with the same 
moving speed but different sending frequency. It can be seen that multi-path has a lower average delay. 
From Fig. 5 and Fig. 6 we can conclude that SR-MPOLSR has better communication quality than 
traditional OLSR routing protocol under the same moving speed and various sending frequency. 
3.Conclusion 
Routing protocol is one of the key problems in Ad hoc network. Multi-path strategy may improve 
the network communication quality. Existing multi-path routing protocols mostly fall into the mode of 
routing-on-demand protocol, which can only adapt the dynamicity passively. Moreover, it needs 
considerable cost to maintain routing, and data sending ratio may decrease, at the same time,  peer to 
peer delay increases. A novel routing protocol for Ad hoc network named SR-MPOLSR is proposed in 
this paper. The proposed protocol originates from OLSR, incorporating multi-path strategy and source 
routing controlling scheme. SR-MPOLSR can raise network throughput critically, especially in the 
circumstance that the business load is heavy. Package loss ratio and average delay may also improve 
under certain conditions. However, it may bring in additional computation cost to network nodes. 
Because of the employment of Dijkstra algorithm and source routing scheme, the proposed algorithm has 
a relatively high demand on nodes’ CPU and memory. Essentially, it abandons nodes’ computing 
efficiency for network link efficiency. This strategy is worthwhile in the environment of computer 
hardware is highly developed. 
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